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PHAGOCYTIC  IMMUNITY.'
BY  J.  C.  MEAKINS,  M.D.
(From the  Pathological Laboratory of  the  Presbyterian Hospital, New  York.)
In  1895  Denys  and  Leclef  (I)  made  the  observation  that  the
serum  of animals immunized  to streptococcus  was necessary  for the
phagocytosis  of  virulent  streptococci  in  vitro  as  well  as  in  the
body.  They  found  that  normal  serum  was  powerless  to  produce
ingestion  of  such  streptococci  by  the  leucocytes.  By  further  ex-
periments  (2)  they  came  to the  conclusion  that  the  serum  acted
upon  the  bacteria  and  not upon  the  leucocyte  as  previous  workers
had  thought.  Later  Leishman  (3)  devised  an  ingenious  method
for  the  demonstration  and  estimation  of  phagocytosis.  While
working with this technique Wright  (4)  has demonstrated  beyond
doubt  that  the  serum  acts  upon  the  bacteria  preparing  them  for
phagocytosis  and  furthermore  has  shown  that normal  serum  con-
tains  a certain  amount  of the substance  necessary  for phagocytosis.
To this body he has given the name  " opsonin."
By  a  comparison  of  the  number  of  organisms  ingested  by  the
leucocytes in the presence of serum to be tested with the number in-
gested  in  the  presence  of  normal  serum  Wright  has  established
what  he  has called  the  " Opsonic  Index."  By this method  a quan-
titative  difference  between  the  normal  and  abnormal  serum  may
be  determined  up  to  a  certain  point  but  the  factor  of  error  is  so
great  and  the  difference  of  the  end  reaction  so  slight  that  the re-
sults  of  its  use  have  been  unsatisfactory.  It  is  impossible  by this
method  to demonstrate  an opsonic power  of serum  comparable  with
that  of  the  bactericidal  power.  If  a  blood  serum  were  shown  to
have  a  bactericidal  power  of  four  times  normal,  the  fact  would
have little importance;  yet up to the present  time, phagocytic activity
four  times normal  has  been  seldom  recorded  by the  opsonic  index.
Phagocytic  immunity may be many times the normal, but the pres-
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ent technique does not afford us a means of determining  such increase.
Neufeld  and  Hiine  (5),  closely  followed  by  Klien  (6),  have  in-
dependently  shown that there does exist a true phagocytic  immunity
in animals which have been infected  with non-lethal doses of certain
living  organisms,  and  they  have  devised  a  means  whereby  it  may
be  demonstrated.
Dilution of the blood serum, so successfully employed  in the quan-
titative estimation  of the bactericidal  and agglutinative  powers,  has
been  thought  by  few  workers  applicable  to  the  estimation  of  the
phagocytic  substances.  It  was  by  this  means  that  Neufeld  and
Hiine  first  demonstrated  a  power  to promote  phagocytosis  quanti-
tatively  comparable  with  the  other  properties  of  immune  serum.
Their technique  is  losely allied  to Wright's but they have found
that  by  progressive  dilutions  a  point  can  be  reached  where  the
opsonins  disappear.  In  the  present  work  I  have  closely  followed
their  procedure  which  I  shall  briefly  outline.
The  blood serum  is  collected  in the usual  manner  both from  the
patient or animal infected and from a normal  individual of the same
species.  The  leucocytes  are  also  collected  as  in  Wright's  work
and a suitable emulsion of the infecting  organism is prepared.  The
blood  serum  is then  diluted  to various  strengths,  which  may  reach
one  part  in  one  thousand  or  higher  if  necessary.  Then  capillary
pipettes  are  prepared  as  described  by Lieschmann  and  equal  parts
of  diluted  serum,  leucocytes  and  bacteria  are  mixed  and  incubated
at 37° C.  for a  definite  length  of time,  varying  with  the organism
used.  At  the  end  of  this  period  smears  are  made  and  suitably
stained.  In addition  to the pipettes  containing immune and  normal
serum  one  is  prepared  by  substituting  o.85  per  cent.  salt  solution
for the  serum  and treated  as  described  above.  The  average  num-
ber  of bacteria  per  leucocyte  in  the preparation  with salt  solution  is
taken  as  the degree  of  spontaneous  phagocytosis.  The preparation
made  with the  most  diluted  serum  which  shows approximately  this
number is taken as the point where  opsonins have ceased to be active.
If  for example the preparation  with salt solution shows a phagocytic
average of 0.5 bacteria  per leucocyte  and all  the dilutions of serum
up  to  in  6o00  materially  exceed  this  figure,  then  the  phagocytic
power  is taken  as I  in 600,  or as 6o00,  which  shall be the manner  of
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designation in the following experiments.  The dilution of  I in 600
is  obtained  from  a  dilution  of  I  in  200  by mixing  together  equal
parts of  diluted  serum,  leucocytic  emulsion  and  bacterial  emulsion
so that  the  serum  is  again  diluted  threefold,  a  final  dilution of  I
in 600 being obtained.
The results obtained  with the serum of a rabbit immunized  to tu-
bercle  bacilli  are  cited  for  example:
Bacteria  per  Leucocyte  Bacteria  per  Leucocyte
with  Serum  of  Nor-  -with  Serum  of  Im-
Dilution.  mal  Rabbit.  mune  Rabbit.
I-  3  7  8
I-  30  .29  9
I-  150  .4  6
I-  300  .43  i.6
I-  6oo  .5  .35
I-1200  .2  .4
Salt  solution--o.45  bacteria  per  leucocyte.
In  this  case  the  ordinary  opsonic  index  would  have  been  .I.
With the method of dilution the opsonic power of the normal  serum
practically  ceased  below  a  dilution  of  I  in  30,  while  the phagocy-
tosis  with immune  rabbit's  serum  did  not equal that with  salt solu-
tion until  a dilution  of  I in 300  at least was  reached,  that is  more
than  ten  times  the  normal.  Occasionally  instances  are  met  with,
where,  in  the  undiluted  state,  the  normal  serum  causes  greater
phagocytosis  than  the  immune  serum,  yet  the  latter  may  show  a
much  greater  power  when  both  are  diluted,  as the  following  pro-
tocol  will  demonstrate.
Bacteria  per  Leucocyte
with  Serum  of  Patient
with  Typhoid  Fever  on  Bacteria  per  Leucocyte
Dilution.  Tenth  Day  of  Disease.  with  Normal  Serum.
I-  3  10  14
I-  30  6.8  .7
I-150  5.6  .5
1-300  .8  .9
i-6oo  .5  .6
Salt  solution-o.6  bacteria  per  leucocyte.
Another point of  interest,  which  has been  frequently  observed  is
the apparently  increased  opsonic  power of the diluted  over  the un-
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diluted  immune  serum.  Such  increase  is  seen  in  the  following
protocol:
Typhoid  Bacilli  per  Leu-
cocyte  with  Serum  from  Typhoid  Bacilli  per  Leu-
Patient  Recovering  from  cocyte  with  Normal
Dilution.  Typhoid  Fever.  Serum.
I-  3  9  10.5
I-  30  9  .8
I-  I50  14  .6
I-  300  I0.5  .65
I-  6o00  4.3
I-  900  .9
I-1200  .6
I-1500  .65
i-i8oo  .7
Salt  solution-.7  bacteria  per  leucocyte.
In the greater  part of  the experimental  work  performed  on ani-
mals for the production of opsonic immunity bacterial  vaccines have
been used, and the results have failed  (7)  to show the production  of
an immunity of a high degree  (6).  When, however,  the infectious
diseases in man have been closely imitated  by the injection of living
organisms  in an  attenuated  form or in  non-lethal,  doses very strik-
ing results  have been obtained.  The injection of living Bacillus ty-
phosus (6),  Bacillus paratyphosus and  the  vibrio  of  cholera  (5)
has produced  marked  opsonic immunity.
In  the  following  experiments  living  organisms  have  been  used,
and  in  all  instances  save  with  Bacillus tuberculosis the  injections
have been  subcutaneous,  since  this  method  of  inoculation  seems  to
produce a better reaction than intraperitoneal or intravenous  inocula-
tion.  Realizing  that the  different  groups  of bacteria  may  produce
varied  forms of  immunity  I have selected  members  of the  different
classes  of  bacteria  most  common  in  the  causation  of  infectious
diseases  in  the  human  subject.
Acute infections.
I.  Bacilli  (producing  bactericidal  immunity).
(a)  B.  dysenterice of  Flexner.
(b)  B.  dysenterie of  Hiss.
II.  Pyogenic  Cocci.
(a)  Staphylococcus aureus.
(b)  Streptococcus pyogenes.
Chronic infection.
Bacillus tuberculosis.
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BACILLUS  DYSENTERIE.
EXPERIMENT  I.  On  June  25,  1907,  one loopful  of Bacillus dysenterie, Manila,
type  Y,  was  injected  subcutaneously  into  a  rabbit.  This  dose  was  repeated  at
intervals  of  from  five  to  sixteen  days  and  gradually  increased  until  on  August
29,  two thirds of  an agar  slant was  injected.  During this period  the  opsonic and
agglutinative  power  of the  rabbit's  serum  were  estimated  and controlled  by nor-
mal  serum  and  salt  solution.  The  microscopic  technique  was  employed  for  the
CHART  I.  Bacillus dysenterie, Manila, type  Y.
estimation  of  the  agglutinins  and  the  length  of  time  before  the  result  was
taken  was  one  hour.  In  the  estimation  of  the  opsonic  power  the  preparations
were  incubated  for  eight  minutes  as  a  longer  time  produced  marked  degenera-
tion  of  the  intracellular  organisms.  The  slides  were  stained  with  Hasting's
modification  of Jenner's  stain  and fifty  leucocytes  counted  in  each.  This  experi-
ment  is  demonstrated  by  Chart  I.
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The  highest  opsonic  power  in  the  normal  serum  was  o,  while
the opsonins in the immune serum rose to  6oo.  The highest agglu-
tinative power of  the normal was  Io and  of the immune  serum  was
IIOO.
EXPERIMENT  II.  In  this  case  Bacillus  dysenteriae, Manila,  type  (Flexner),
was  used  for  immunization  and  doses  similar  in  size  and  frequency  to  those  of
the  preceding  experiment  were  employed.  The  animal  was  under  observation
from  June  26  to  September  5, 1907,  or  seventy-two  days.
CHART  II.  Bacillus dysentericr, Manila,  type  (Flexner).  The  curves  indicating
normal  opsonins  and  agglutinins  are  identical  with  those  of  Chart  I.
The  result  of  the  last  experiment  (Chart  II)  was  very  similar
to that of Experiment  I.  The highest opsonic  power was  I9go  and
the  agglutination  reached  200  while  the normal  agglutinins  never
exceeded  o.
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In examining the results of these two experiments  the production
of phagocytic immunity  to the dysentery bacillus  is evident, and  the
close  parallelism  between  the opsonic  and agglutinative  curves  sug-
gests  that  there  may  be  a  relationship  between  these  two  bodies.
EXPERIMENT  III.  A  rabbit  was  immunized  to  Bacillus dysenterie (Flexner)
as  in  Experiment  II  but  was  under  observations  for  a  much  longer  period,
namely  44  days.  In  this  experiment  besides  the  opsonic  and  the agglutinative
power,  the bactericidal  power  was  estimated.  The  technique  for the  estimation
of  the  bactericidal  power  was  that  of  Neisser  (8)  as  modified  by  Stern  and
K6rte  (9)  and  later  by  Klien.  The  serum  of  a  normal  rabbit  was  frequently
examined  to  determine  for  comparison  its  content  of  immune  bodies.  The
following  table  shows  the  maximal  dilutions  in  which  positive  results  were
obtained.
Agglutinative  power  ...................  I-Io?
Phagocytic  power  .....................  I-Io
Bactericidal  power  .....................  nil.
For  the  first  98  days  the  opsonic,  agglutinative  and  bactericidal  powers  all
gradually  increased  as  shown  in  Chart  III.  But  at  this  period  the  animal  de-
veloped  an  abscess  of  the  abdominal  wall  at the  site  of inoculation;  from  the
pus Staphylococcus aureus was  cultivated.  It was  not  found necessary  to incise
this  abscess which  disappeared  spontaneously.  For a period  of  6  days  (March
14  to 30)  on  account  of  unavoidable  circumstances  I  was  unable  to  inject  the
animal,  and  during  this  period  it  lost  a  little weight  and  did  not  seem  as  well
as  usual.  Its  general  condition  gradually  grew  worse  after  this  date  and
it  died  on  May  5,  I908.  On  March  8,  9o8,  the  phagocytic  power  was  1,300,
the  bacfericidal  power  950,  while  the  agglutinative  power  was  slightly  lower.
After  this  date and  synchronous  with  the  illness  of the animal  the  opsonic  and
bactericidal  power  quickly  dropped towards  normal.  Two days  before death  the
former  was  60  and  the  latter  30.  On  the  other  hand,  the  agglutinins  progres-
sively  increased  and  just before  death  reached  their highest  point,  namely  950.
The  autopsy  was  performed  one  hour  post  mortem.  The  animal  was  much
emaciated,  and  the viscera  showed  only  cloudy  swelling.  There  was  no  abscess
formation  and  the  intestines  appeared  normal.  Cultures  from  the  heart  blood,
liver,  spleen,  lungs  and  kidneys  gave  Bacillus  dysenterite in  pure  culture.
An analysis of Chart III gives a very good idea  of the immunity
produced  in  animals  by  the  inoculation  with  living  cultures  of
Bacillus dysenterie and allied  organisms.  An  absolute  comparison
between  phagocytic  and bactericidal  power  by  the  technique  used,
is  obviously  impossible.  The  parallelism  between  the  opsonic  and
bactericidal  curves  is  evident  and  affords  some  evidence  that  the
opsonins are related  to the  amboceptors,  but  later  experiments  will
demonstrate  the  fallacy  of  this  assumption.
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The parallelism of the curves of the agglutinins and opsonins  ob-
served  in  Experiments  I  and  II  was  again  found  up to  a  certain
point.  Nevertheless the great divergence of the curves after March
30,  is against  the view  that  these bodies which  are in common  spe-
cific and  thermostabile,  are  related  or  identical.  Experiments  with
other organisms  will  still  further  demonstrate  that  the  agglutinins
and opsonins  do not always  run parallel courses.
In  the  low  dilutions  of  the  highly  immune  sera  the  agglutinins
may have  produced  a  favorable  condition  for  phagocytosis,  since
agglutination  occurs  quickly  and  the  leucocytes  can  readily  find
clumps  of  opsonized  bacteria.  But  in  spite of  this  fact  when  the
agglutinins were still increasing, the opsonic curve steadily decreased.
On the  other hand,  with the high  dilutions,  for  example  from  700
to  I300,  the  agglutinins  exerted  no  power  in  one  hour,  whereas
the  opsonins  were  very  active  in  eight  minutes.
The cause  of the animal's  loss  of weight and  illness  after March
30,  I908, is hard to explain by facts admitting substantial proof.  It
seems  probable  that just prior to this  date the  animal  was exerting
all  its  powers  of  immunity  to  withstand  the  infection  repeatedly
administered,  but  the  demand  for  immune  bodies  became  greater
than  the supply  and  a  drop of the  opsonins  and bactericidal  power
occurred  between  March  8 and  30.  The  inoculation  on  this  date
accentuated  this  depression  which  became  more  marked  with  each
subsequent  injection.
The  great  importance  of  the  phagocytic  and  bactericidal  sub-
stances  in  the protection of the body  against infections  is very  well
demonstrated  in this experiment.  Even when these bodies are being
produced  in  large  amounts  by  the  animal  organism,  continued  in-
crease  in  the  amount  of  infection  may  overwhelm  the  supply  and
lead  to  rapid  consumption  of  the  immune  bodies  which  have  lost
mastery  over  the  infection;  actual  diminution  in  their  production
may  result.  An  example  of  an  analogous  condition  is  relapse  in
typhoid  fever  occurring  in  the  presence  of  a  highly  bactericidal
serum.  Diversion  of complement  could not have been  the cause  of
the progressive  decrease  in the bactericidal  power noted  in  Experi-
ment III as normal rabbit's serum  was always  added to the mixture
which  was  tested,  and  on  several  occasions  the  usual  amount  was
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doubled  in order  with certainty  to satisfy  with  complement  all  the
amboceptors  which  might  be  present.
Agglutinin,  without  the  presence  or  aid  of  the  other  bodies  of
humoral  immunity, appears  to  have little  importance  as a protective
agent in infections  due to Bacillus dysenterice.  The phenomenon  of
Eisenberg and Volk  (o),  which  gives evidence  of  the  presence  of
agglutinoids,  or proagglutinoids  according to  Shiga  (I  I ),  was  ob-
served  in  these  experiments  in  the  low  dilutions.  The  continued
increase  of  the  agglutinins  until  death  has  shown  that  prognosis
may  be  unfavorable  even  though  they  are  abundant  and  accords
with  the  frequent observation  of  relapses  or recurrences  in typhoid
fever  although  the serum  shows  high agglutination.
The  increase  of  the  bactericidal  power  and  aggutinins  in  these
experiments  coincide with similar increase  found by Shiga in horses
inoculated with the Bacillus dysenterice.
The conclusions, which may be drawn from this series  of experi-
ments  are as  follows:
I.  A  high  opsonic  power  may  be  developed  against  the  bacil-
lus of dysentery.
II.  The  bactericidal  and  opsonic  power  of  the  serum  may  de-
crease when the agglutinative  power  is increasing.
III.  A close parallelism  has  been observed  between  the  quantita-
tive  changes  of the  opsonins  and  amboceptors  occurring  with  im-
munization  to Bacillus dysenteria'.
STAPHYLOCOCCUS  AUREUS.
EXPERIMENT  IV.  On  December  17,  I907,  one-half  all  agar  slant  of  Staphylo-
coccus  aureus, obtained  from  a  case  of  cellulitis,  was  heated  to  650  C. for one-
half  hour  and  injected  into a  rabbit.  This  injection  was  followed  in seven  days
by  all  of  the  growth  from  an  agar slant,  similarly  heated.  These  inoculations
were  given  with  the  hope  of  producing  some  immunity  before  living  organisms
were  inoculated.  The result  in this  animal  was  very satisfactory,  and  subsequent
inoculations  produced  no  local  suppuration.  The  injections  of  living organisms
were  given at  intervals  of from four to six  days, beginning  with  one  loopful and
increasing  the  dose  slightly  with  each  inoculation.  Unfortunately  the  animal
was  pregnant  and  abortion  was  produced;  and  a  severe  mixed  infection  of  the
genito-urinary  tract  followed.  The  animal  was  killed  after  it  had  been  under
observation  for  a  period  of  forty-four  days.  The  autopsy  showed  no  other
lesion  but  that  mentioned  above.  The kidneys  contained  large  abscesses  and the
uterus  formed  a bag of  pus.  Cultures  were  taken  from the  bladder,  uterus  and
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kidneys,  and  in  all  instances  there  was  a  growth  of  Staphylococcus  albus,
streptococcus  and  a  bacillus  giving  the  reactions  of Bacillus coli.
The  opsonins and  agglutinins  were estimated during the time the
animal  was  under  observation  (Chart  IV).  Controls  made  fre-
quently  with  the  serum  of  a  normal rabbit  have  shown  that  these
bodies  are normally present  but never active  in dilution  above  in
Io  and  sometimes  they  are  not  active  even  in  this  dilution.  The
technique  was  similar  to  that  employed  in  the first  set  of  experi-
ments with  the exception that the preparations  were each  incubated
for fifteen  minutes  instead  of eight.  The serum  of the  inoculated
animal  revealed  a marked  increase  in the amount  of opsonins.  At
CHART  IV.  Staphylococcus aureus.
first  the reaction was slow but later progressed  more rapidly and  at
the  time  of  death  opsonic  activity  was  400,  or  forty  times  the
normal.  The  agglutinins,  however,  never  rose  above  30 and  this
point  was  only  reached  on one  occasion.
In  no experiment  was  any intra-  or extracellular  lysis  of the  or-
ganisms noticed,  and at all times  the cocci  stained  very  well and no
shadows  were seen.
Further  experiments  with  staphylococci  were unsuccessful  as the
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animals  developed  abscesses  at  the  points  of  inoculation  and  fre-
quently  pyemia  resulted.  Nevertheless  from  the  one  observation
just  recorded  it appears  that phagocytic  immunity of  a  fairly  high
degree  can be produced against Straphylococcus aureus, and  further
evidence  will  show  that  phagocytic  immunity  plays  an  important
r6le  in the  destruction  of the  pyogenic  cocci.
STREPTOCOCCUS  PYOGENES.
The strain of  streptococcus  used  in this  experiment  was  obtained
in  blood  culture  from  a fatal  case  of  malignant  endocarditis  and
pyaemia  of  short  duration.  It  was  very  virulent  to  mice,  killing
them in small doses  in twenty-four  hours.
EXPERIMENT  V.  On May  24,  I908,  the animal was  injected  with  one-half  the
growth  from  an  agar-slant  culture  of  streptococci.  The  dose  was  irregularly
increased,  inoculations  being given  at  intervals  of  from  five to  nine  days.  The
animal  was  under  observation  for  a  period  of  ninety-seven  days  and  during
this  time  the  opsonic,  bactericidal  and  agglutinative  power  of  the  blood  serum
were  frequently  estimated  (Chart  V).  The  technique  was  similar  to  that  de-
scribed  for  Staphylococcus aureus but  it was  found  of  great  advantage  in  the
plating  for  the  bactericidal  experiments  to  use  blood  agar  plates.  These  were
prepared  by adding  I  c.c.  of  sterile  defibrinated  beef  blood  to Io c.c.  of  melted
agar  at  42o  C.  Control  plates  were  always  made  to be  sure  that  the  culture
media  were  sterile.  In this  medium the colonies  of streptococci  could  be  readily
counted as they were surrounded  by a small  zone of hemolysis.
Experiments  were  made  with  normal  serum  and  the  following  results  were
almost  constantly  obtained:
Bactericidal  power  .....................  o
Opsonic  power  ...........................  Io
Agglutinative  power  ......................  o
The  results  of  these  experiments  are  graphically  demonstrated  in  Chart  V.
The  highest  point  reached  by  the  bactericidal  power  was  Ioo
and  this level  was  reached  only on one  occasion.  In fact the bac-
tericidal  power  seldom  rose above  30  and  the power of  agglutina-
tion was slightly higher.  The end reaction  for both of these bodies
was  very  unsatisfactory,  except  in  very  low  dilutions.  In  fact,
when the experiments  were carried out in duplicate, the results were
often very indefinite.
The estimation  of opsonins,  on the contrary,  had  a definite result;
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opsonins  steadily  increased  in quantity  until  an  opsonic  activity  of
3,000  was  obtained.  The extracellular  cocci  showed  no  degenera-
tion  even  when  the  serum  had  the  greatest  power.  On  the other
hand,  when  the  animal  had  developed  an  opsonic  power  of  6oo,
CHART  V.  Streptococcus pyogenes.
degeneration  of  the  intracellular  organisms  was  first  observed.
This  degeneration  became  more  marked  as  the  opsonic  power  in-
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creased,  but at no  time did bacteria  exhibit the degree  of degenera-
tion  found  in the experiments  with  Bacillus dysentericc.
The  high  degree  of  opsonic  immunity  developed  in  this  animal
is  strong  evidence  that  phagocytosis  is  the  most  important  factor
in the  destruction  of  streptococci.  It confirms  the  observations  of
Neufeld and Rimpau  (2)  who have found that phagocytosis  is very
active  in the destruction  of streptococci  in vivo  whereas  bactericidal
power although increased plays a minor part.  Ruediger (I3),  how-
ever, when  working with the serum of patients  suffering  from ery-
sipelas,  found  that  the  opsonic  power  was  but  slightly  increased
above normal and the bactericidal  power was absent.  He  gives de-
tails of but one observation of the phagocytic  power and the method
of estimation is somewhat  similar to that employed  in the above  ex-
periments.  Although the bactericidal  power may not be greatly in-
creased  in infection  with  streptococcus,  I  agree  with  Neufeld  and
Rimpau that it is present: bactericidal  substances  are probably pres-
ent  in  small  amount  but the  opsonic  power  plays  the greater  r6le.
Neufeld  (I4)  has demonstrated  that agglutinins  are produced  in
animals  immune to streptococci,  although  seldom present  in a dilu-
tion  over  I  in  Ioo.  On one  occasion  he  reports  their presence  in
a  dilution  as  high  as  I  in  500.  In  the  present  experiments  the
highest point  reached  has  been  a dilution  of  50; this  fact corrob-
orates  the previous  observations.  The  lack of parallelism  between
the curves  of  the  opsonins  and  amboceptors  in  this  experiment  is
a  strong  argument  against  their  identity.  An  attempt  to  explain
the absence of bactericidal  power by deviation of complement  would
be useless  as  abundant  complement  has been  added  in  each  experi-
ment  and  bactericidal  bodies  at  no  time  gave  any  indication  of
material  increase.
There  is  likewise  an entire  lack of parallelism  between  the  opso-
nins  and  the  agglutinins  in  the  immunity  produced  in  rabbits  to
Staphylococcus aureus and the  Streptococcus pyogenes.
The conclusions  that  may  be  drawn  from  these  experiments  are
as  follows:-
I.  A high degree of opsonic  immunity to Streptococcus pyogenes
and  Staphylococcus aureus may be produced  in rabbits.
II.  Opsonins  are  more  important  than  the other known  immune
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bodies  in causing  protection  against  the  pyogenic  cocci:  in  rabbits
immunized  to  Streptococcus pyogenes bactericidal  substances  and
agglutinins  are  produced  in  small  amounts  and  apparently  play  a
minor  r61le  in the  active immunity  against  this organism.
III.  Opsonins  are  not  identical  with  the  amboceptors  of  the
bactericidal  substances.
BACILLUS  TUBERCULOSIS.
For investigation  of phagocytic  immunity  in experimental  tuber-
culosis  the  selection  of the  strain  of  bacilli  to  be  employed  is  of
great  importance.  The  organism  must  not  be  of  high  virulence.
Through  the Rockefeller  Institute  for  Medical  Research  I  obtained
a strain of  tubercle bacilli,  attenuated  by  Dr.  Trudeau,  which  even
in  large  doses  was  not  fatal  to rabbits  and  the animals  recovered
although  they  showed  for  a  short  time  signs  of  infection.  The
animal  was subsequently  inoculated  with  a second strain  of  greater
virulence  in  order  that  the  immunity  produced  by  the  attenuated
culture might  be  tested.
The emulsion  of  tubercle  bacilli  employed  for the estimation  of
the  opsonic  power  was  killed  by  exposure  to  direct  sunlight  for
twenty-four  hours  and  then  ground  up  in a  small  test-tube  with  a
glass  rod  under  aseptic  precautions  as  described  by  Sellards  and'
Jeans  (5).  In  this manner  a  very  satisfactory  emulsion  was ob-
tained; it was free from clumps and fragmentation  of the bacilli was
very  slight.  The preparations  were  incubated  for fifteen  minutes;
the smears were stained  in carbol-fuchsin at 370  C.  for twelve hours,
decolorized  in  95  per  cent.  alcohol  for  ten  minutes  and  counter-
stained  with  Loeffler's  methylene  blue  for  five  minutes.  This
method  stained the leucocytes  very  distinctly and gave  them  a clear
outline;  there  was  little  of  the  destruction  which  occurs  when
greater  heat or when  acids  are  employed.  One  hundred  leucocytes
were  counted  in  each  slide  instead  of fifty  as  in  the  preceding  ex-
periments.
EXPERIMENT  VI.  On August 9, I9o8,  a rabbit  received  into the  ear vein  2 c.c.
of  an  emulsion  of  non-virulent  tubercle  bacilli.  The  emulsion  was  opaque  and
was  freed  from  clumps  by  grinding  the  bacilli  very  carefully  and  then  cen-
trifugizing  the emulsion  until  the  supernatant  fluid  was  cloudy  but  contained  no
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visible  particles.  The  opsonic  power  was  estimated  as  described  above  and
controlled with normal serum  and salt solution  (Chart VI).  Normal  sera  always
showed  an  absence  of  phagocytosis  at  30,  in  fact  its  strength  may  have  been
much  less,  as dilutions between 3 and  30  were not made.
In the  treated rabbit  the  opsonic power  decreased  below  normal
for a week after inoculation but suddenly began  to increase and this
CHART  VI.  Bacillus tuberculosis.  X,  X =  inoculation.
increase  steadily  progressed  until  a  power  of  I500  was  reached
forty-four  days  after  the  original  inoculation.  There  was  then  a
slight drop and the animal was again inoculated  on October 3,  I9o8,
fifty-three days after the first injection.  On this occasion  an emul-
sion  of  the virulent  culture  was prepared  by  the method  described
above and  the  intravenous  method  was  used  for  inoculation.  The
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opsonic power  continued  to  fall  slightly  but  eleven  days  after  the
second  inoculation it had  regained  its high point of  I500.
During  the  period  of  observation  the  animal  was  frequently
weighed and the curve of weight closely  followed the opsonic curve;
at  first there  was  a  sudden  loss  of  weight  followed  by a  slow  re-
covery  until  the  original  weight  was  exceeded.  After  the  second
inoculation  there  was no  drop  in  weight  coresponding  to  that  fol-
lowing the first injection.
As  no  satisfactory  method  has  yet  been  devised  whereby  the
bactericidal  power  against  the  tubercle  bacilli  can  be  estimated  a
comparison  between  this  body  and  the  opsonins  is  imposible.  In
none  of  the  experiments  was  any  lytic  action  on  the  extracellular
organisms  seen,  though  occasionally  in  the  low  dilutions  of  the
most  powerful  sera  an  increased  beading  of the  bacilli  seemed  to
have occurred,  but the change was too indistinct to justify a  definite
opinion concerning the lytic action  of the serum.
Observations  made  by  several  workers  indicate  that  agglutinins
occur  with  tuberculous  infections  but  they  are not  found  in  large
amounts.
The drop in the phagocytic  power after each inoculation was most
likely due to the demand  for a greater quantity of protective bodies
than the body was  capable  of providing  so that the amount present
in the serum  was  temporarily  reduced;  but the animal  was  in such
good condition  that the loss was  soon replaced.  As the inoculation
was  not  repeated  the  increased  demand  did  not  continue  whereas
in Experiment III  inoculations  were repeated and the animal finally
died.  That this drop in the opsonins may have been the " negative
phase "  described  by Wright is  probable.
The  animal  used  in  this  experiment  is  rapidly  gaining  weight,
twenty-eight  days  after  it  received  an  inoculation  with  virulent
tubercle  bacilli  sufficient  to  cause  death  if  the  animal  had  not  de-
veloped  immunity  from  the  first  injection.
It has  been  stated  above  that there  is  at  present  no evidence  to
show  the  development  of  bactericidal  immunity  in  tuberculosis.
Observations  of several workers indicate that development  of agglu-
tinins in  tuberculous  infection  is  limited.  It  is,  therefore,  reason-
able  to  suppose  from  this  experiment  that  opsonins  play  an  im-
portant  part  in  tuberculous  immunity.
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The  following  conclusions  may  be  drawn  from  the  experiment
just  described.
I.  Animals  immunized  with  living  tubercle  bacilli  may  develop
phagocytic  immunity of a high degree.
II.  Such  immunity  may help  to protect the  animal  from a  lethal
dose of virulent tubercle  bacilli.
With  slight  modification  the  method  used  in  these  experiments
is  applicable  for  routine  clinical  observations,  and  might  as  sug-
gested  by  Klien  be  used  as  a  means  of  diagnosis.  The  further
application  of  this method  of  observation  may  add  greatly  to the
knowledge  of  the  phenomenon  of  phagocytosis  especially  in those
infectious  diseases  of man,  in which phagocytic  immunity is known
to  play  a  more  or  less  important part.
In conclusion  I  wish  to  express  my  sincere  thanks to Dr.  Opie
for his valuable  aid  and  advice  in  this  work.
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